White matter ischemia is difficult to quantify histologically. Myelin-associated glycoprotein (MAG) is highly susceptible to ischemia, being expressed only adaxonally, far from the oligodendrocyte cell body. Myelin-basic protein (MBP) and proteolipid protein (PLP) are expressed throughout the myelin sheath. We compared MAG, MBP, and PLP levels in parietal white matter homogenates from 17 vascular dementia (VaD), 49 Alzheimer's disease (AD), and 33 control brains, after assessing the post-mortem stability of these proteins. Small vessel disease (SVD) and cerebral amyloid angiopathy (CAA) severity had been assessed in paraffin sections. The concentration of MAG remained stable post-mortem, declined with increasing SVD, and was significantly lower in VaD than controls. The concentration of MBP fell progressively post-mortem, limiting its diagnostic utility in this context. Proteolipid protein was stable post-mortem and increased significantly with SVD severity. The MAG/PLP ratio declined significantly with SVD and CAA severity. The MAG and PLP levels and MAG/PLP did not differ significantly between AD and control brains. We validated the utility of MAG and MAG/PLP measurements on analysis of 74 frontal white matter samples from an Oxford cohort in which SVD had previously been scored. MAG concentration and the MAG/PLP ratio are useful post-mortem measures of ante-mortem white matter ischemia.
INTRODUCTION
Cerebral ischemia is the defining pathologic mechanism underlying most forms of vascular dementia (VaD) and is also thought to contribute to Alzheimer's disease (AD). The majority of AD cases show some degree of cerebrovascular pathology: cerebral amyloid angiopathy (CAA) is present in most patients and periventricular white matter Ischemic lesions are reported to be common. 1 There is a growing body of evidence showing that risk factors for cerebrovascular disease and VaD are also risk factors for AD. [2] [3] [4] [5] The mechanisms underlying alterations in the white matter in AD, and their relationship to other aspects of AD pathology, are unclear. There is a possible interdependence between ischemia and amyloid-b (Ab) in AD: ischemia has been shown to increase Ab production by upregulation of BACE1, 6, 7 and by reduced vascular clearance and enzymatic degradation, 8 whereas increased Ab may enhance ischemia by vasoconstriction, impairment of cerebral autoregulation, and functional hyperemia, [9] [10] [11] [12] and through deposition in the walls of blood vessels to cause CAA. 13, 14 Current methods for post-mortem assessment of ante-mortem ischemic change in the white matter are varied and subjective. The degeneration of the myelin sheath that occurs as a result of reduced blood flow is thought to occur primarily by a mechanism known as 'dying back oligodendrogliopathy' in which injury begins in the most distal, adaxonal part of the myelin sheath, furthest from the oligodendrocyte cell body. 15 Myelin-associated glycoprotein (MAG) is produced in the cell body, and then transported to and expressed only in the adaxonal myelin loop. 16, 17 Myelin-associated glycoprotein is therefore likely to be more susceptible to ischemic damage than proteins such as myelin basic protein (MBP) and proteolipid protein (PLP), which are expressed abundantly throughout the myelin sheath. 18, 19 Indeed, a previous study showed preferential loss of MAG in response to hypoxia-like white matter injury during brain inflammation 20 and several studies of white matter lesions in multiple sclerosis (MS) have shown loss of MAG whereas MBP and PLP remained highly conserved. 21, 22 We have performed double immunofluorescent staining of MAG and PLP in human parietal white matter sections to confirm the localization of the proteins and identify any obvious differences in distribution in cases with differing levels of small vessel disease (SVD). We have measured the levels of the myelin proteins MAG, MBP, and PLP in a cohort of AD, VaD, and control brains from the South West Dementia Brain Bank (SWDBB) and looked at the relationships between these proteins and SVD to find out whether the level of MAG in relation to that of MBP or PLP would be a good measure of white matter damage. We have also performed a validation study on a series of frontal white matter samples from the Oxford Project to Investigate Memory and Ageing (OPTIMA) cohort, University of Oxford. Last, we have examined the relationships between the myelin proteins and the severity of CAA, Ab plaque load, and APOE genotype in the SWDBB cohort to further elucidate the mechanisms of white matter injury in AD.
MATERIALS AND METHODS

Case Selection
Brain Bank, University of Bristol. For the double immunofluorescent staining we used paraffin sections from right parietal lobe from six cases: three with low SVD score and three with high SVD score. The AD cases were selected on the basis of a diagnosis according to CERAD 23 of 'definite AD' and a Braak tangle stage of V to VI (i.e., according the NIA-Reagan criteria 24 there was a high likelihood that their dementia was caused by Alzheimer's disease pathology). The VaD cases had a clinical history of dementia, no more than occasional neuritic plaques, a Braak stage of III or less, histopathological evidence of multiple infarcts/ischemic lesions, moderate to severe atheroma and/or arteriosclerosis, and an absence of histopathological evidence of other disease likely to cause dementia. The normal controls had no history of dementia, few or no neuritic plaques, and no other neuropathological abnormalities.
To validate our initial findings we went on to analyze samples of frontal white matter in 74 cases from the OPTIMA cohort, from the Thomas Willis Brain Bank, University of Oxford.
Brain Tissue
The tissue was dissected from brains that had been removed from patients within 72 hours of death. The left cerebral hemisphere had been sliced and frozen at À 801C. The right cerebral hemisphere had been fixed in 10% formalin for B3 weeks before tissue was taken, processed, and paraffin sections cut for neuropathological assessment and diagnosis. SVD in paraffin sections of right parietal lobe had been previously scored on a 4-point semiquantitative scale according to the extent of thickening of the arteriolar walls and associated narrowing of vessel lumens (see Supplementary Figure 1 ): 0 ¼ normal vessel wall thickness, 1 ¼ slightly increased thickness, 2 ¼ moderately increased thickness, and 3 ¼ markedly increased thickness such that for many arterioles the diameter of the lumen was o50% of the outer diameter of the blood vessel. Similarly, CAA in the right parietal lobe had been previously graded using a method based on that of Olichney et al, 25 in which a score of 0 corresponded to vessels devoid of amyloid, a score of 1 to scattered deposition of amyloid in a few leptomeningeal or cortical blood vessels, a score of 2 to more widespread deposition of amyloid in vessels, and a score of 3 to severe and widespread amyloid deposition. 26 The APOE genotypes and the area fraction of cerebral cortex immunopositive for Ab (the Ab load) had been determined previously. 26 Small vessel disease had been previously independently assessed in the OPTIMA cohort using a 12-point semiquantitative global scale based on loss of myelin, loosening of the parenchymal tissue, and dilatation of perivascular spaces in both deep grey matter and white matter structures. 27 Because of differences in the scoring systems of the two cohorts, SVD in the OPTIMA cohort was also assessed using the 4-point semiquantitative scale used for the SWDBB cohort, as detailed above, by a neuropathologist (SL) who was masked to the previous scores and biochemical data. However, it should be noted that many of the paraffin sections of frontal lobe available for analysis of white matter SVD in the OPTIMA cohort did not include deep white matter (within which the severity of SVD tends to be greatest).
All tissue samples (200 mg) were homogenized in 1 ml 1% sodium dodecyl sulfate lysis buffer in a Precellys homogeniser (Stretton Scientific, Derbyshire, UK), and then aliquoted and stored at À 801C until required. All of the assays on myelin proteins were performed without prior clinical and pathologic information (including the SVD scores) relating to the individual cases. Double immunofluorescent staining of myelin-associated glycoprotein and proteolipid protein Parietal lobe sections, 7 mm thick, were collected on 3-amino-propyltriethoxy silane-coated slides. Sections were incubated overnight at 601C, dewaxed, dehydrated, and incubated in 3% hydrogen peroxide in methanol for 30 minutes to block endogenous peroxidase. Sections were then boiled in 10 mmol/L trisodium citrate (pH 6) in a microwave for 5 minutes, left for 5 minutes, again boiled for 5 minutes before being left to cool for 15 minutes, and then washed in cold running water for 10 minutes. Nonspecific antibody binding was blocked by incubation with 10% normal horse serum (Vector Labs, Burlingame, CA, USA) for 20 minutes at room temperature. Sections were washed twice in phosphate-buffered saline (PBS), and the rabbit polyclonal anti-PLP (Abcam, Cambridge, UK) and mouse monoclonal anti-MAG (Abcam) antibodies were both diluted 1:400 in PBS and applied overnight at room temperature. Sections were again washed twice in PBS, and Alexafluor 555 anti-rabbit and Alexafluor 488 anti-mouse antibodies (Invitrogen, Carlsbad, CA, USA) were both diluted 1:1,000 and applied to the sections for 30 minutes in the dark at room temperature. The sections were washed in distilled water for 5 minutes in the dark and then mounted in aqueous medium (Vector Labs).
Measurement of Myelin-Associated Glycoprotein by Direct Enzyme-Linked Immunosorbent assay
Brain homogenates diluted 1:10 in PBS and blanks of PBS were incubated (in duplicate) in a clear 96-well microplate (Fisher Scientific, Loughborough, UK) for 2 hours at room temperature with agitation. The plate also included serial dilutions of recombinant MAG (Abnova, Taipei City, Taiwan) to generate a standard curve (7 twofold dilutions, concentration range 400 to 6.25 ng/mL). The plate was washed 5 times with 0.05% phosphate buffered saline-Tween-20 (PBST), tapped dry on the final wash, and incubated for 2 hours at room temperature with the mouse monoclonal anti-MAG antibody (Abcam) diluted 1:1,000 in PBS. After 5 washes in PBST, the plate was incubated with the biotin-conjugated anti-mouse secondary antibody (Vector Labs) diluted 1:500 in PBS for 20 minutes at room temperature, in the dark. The plate was again washed 5 times with PBST, tapped dry on the final wash, then incubated with peroxidase-conjugated streptavidin diluted 1:500 in PBS for 20 minutes at room temperature in the dark. The plate was washed 5 times with PBST, tapped dry on the final wash, and then 100 mL of peroxidase substrate (R&D Systems, Minneapolis, MN, USA) was added to all wells for 10 minutes, followed by 50 mL Stop solution. Absorbance was measured at 450 nm in a multidetection microplate reader (FLUOstar OPTIMA, BMG Labtech, Aylesbury, UK). Absolute MAG levels were interpolated from the standard curve.
Measurement of Myelin-Basic Protein by Sandwich Enzyme-Linked Immunosorbent Assay
Clear, 96-well microplates (Fisher Scientific) were coated with capture rabbit polyclonal anti-MBP antibody (Santa Cruz Biotechnology, Santa Cruz, CA, USA) diluted 1:4,000 in coating buffer at 41C overnight. After 5 washes in PBST, the plate was tapped dry and incubated with 1% bovine serum albumin (Sigma-Aldrich, Gillingham, UK) for 90 minutes at room temperature with agitation. The plate was washed 5 times, tapped dry, and the samples incubated for 2 hours at room temperature with agitation. Seven twofold serial dilutions of recombinant MBP (Abnova) diluted in PBS (concentration range 20 to 0.31 mg/mL), brain homogenates diluted 1:2,000 in PBS, and blanks of PBS were all loaded, in duplicate, onto the plate. Additional controls where either capture antibody, sample, or detection antibody were omitted were also included. After 5 washes, the plate was tapped dry and incubated with the detection rat monoclonal anti-MBP antibody (Millipore, Billerica, MA, USA) diluted 1:5,000 in PBS for 2 hours at room temperature with agitation. The plate was again washed 5 times, tapped dry, and biotin-conjugated anti-rat (Vector Labs) diluted 1:1,000 was applied for 20 minutes in the dark at room temperature. The plate was again washed 5 times and then incubated with peroxidase-conjugated streptavidin diluted 1:1,000 for 20 minutes in the dark. After 5 further washes, the plate was tapped dry and 100 mL peroxidase substrate (R&D Systems) was added for 15 minutes, after which 50 mL Stop solution was added and the absorbance measured in a multidetection microplate reader (BMG Labtech) at 450 nm. Absolute protein levels were interpolated from the standard curve.
Measurement of Proteolipid Protein by Direct Enzyme-Linked Immunosorbent Assay
Seven serial dilutions of a reference brain homogenate were used to generate a standard curve (total protein range 48 to 0.75 mg/mL) and were, together with the brain homogenates (diluted 1:1,000 in PBS) and blanks of PBS, incubated (in duplicate) in a clear 96-well microplate (Fisher Scientific) for 2 hours at room temperature with agitation. The plate was washed 5 times with 0.05% PBST, tapped dry on the final wash, and incubated for 2 hours at room temperature with the rabbit polyclonal anti-PLP antibody (Abcam) diluted 1:10,000 in PBS. After 5 washes in PBST, the plate was incubated with the biotin-conjugated anti-rabbit secondary antibody (Vector Labs) diluted 1:500 in PBS for 20 minutes at room temperature, in the dark. The plate was washed 5 times with PBST, tapped dry on the final wash, and then incubated with peroxidase-conjugated streptavidin for 20 minutes in the dark. After 5 washes with PBST, the plate was tapped dry and 100 mL of peroxidase substrate (R&D Systems) was added to all wells for 3 minutes, followed by 50 mL Stop solution. Absorbance was measured at 450 nm in a multidetection microplate reader (BMG Labtech). Relative PLP levels were interpolated from the standard curve.
Measurement of Post-Mortem Stability of Myelin-Associated Glycoprotein, Myelin-Basic Protein, and Proteolipid Protein Deep white matter tissue from the parietal lobe of 2 AD brains both removed 4 hours after death and 2 control brains removed 3 and 6 hours after death was dissected and divided into 10 aliquots. These were incubated for 0, 6, 12, 18, 24, 48, or 72 hours at room temperature or 24, 48, or 72 hours at 41C. The aliquots were homogenized in 1 mL 1% SDS lysis buffer and MAG, MBP, and PLP protein measurements made as described above.
Statistical Analysis
Associations between MAG, MBP, PLP, the MAG/PLP ratio, and SVD severity were assessed by Kruskal-Wallis test and Dunn's post test, and correlations were assessed by Spearman's test. In the previous study on the Oxford cohort, 27 SVD had been scored on a 12-point scale. To facilitate comparison with the data from the SWDBB cohort, the SVD scores on the Oxford brains were grouped for analysis into four categories: 1 to 3, 4 to 6, 7 to 9, and 10 to 12. The effect of increased incubation time on the levels of MAG, MBP, and PLP at room temperature and 41C in the post-mortem delay simulation was assessed using Pearson's correlation. Correlations between the myelin proteins and Ab load in the AD cohort were assessed by Spearman's test. Associations between the myelin protein concentrations and the presence of 0, 1, or 2 APOE e4 alleles were assessed by Kruskal-Wallis test and Dunn's post test. Association between the myelin proteins and gender were assessed using the Mann-Whitney test. The P values of o0.05 were considered significant. Figure 1 ). These findings suggest that MBP may undergo post-mortem degradation; hence, this protein was measured in only a limited number of further samples. However, MAG and PLP protein measurements are unlikely to have been affected by variations in post-mortem delay between different cases and disease groups.
RESULTS
Post-Mortem
The Myelin Proteins and Small Vessel Disease Severity Both MAG concentration and the MAG/PLP ratio were significantly negatively correlated with SVD score (r ¼ À 0.384, Po0.0001 and r ¼ À 0.368, P ¼ 0.0002 respectively; Figure 2 ). There was significant variation in MAG between the SVD groups (P ¼ 0.0001) and post-testing revealed significant reduction in MAG in cases with SVD severity of 1 or 2 compared with those of 0 (Po0.01) and a highly significant reduction in MAG in cases with SVD severity of 3 compared with those with 0 (Po0.001; Figure 2A ). There was also significant variation in the MAG/PLP ratio between the SVD groups (P ¼ 0.0052), with post-tests showing a significant reduction in this ratio in cases with SVD severity of 3 compared with Figure 2D ). In contrast, the level of PLP increased slightly with increasing SVD severity; the two measures were significantly correlated (r ¼ 0.305, P ¼ 0.0009), although the mean PLP level did not differ significantly between the four SVD severity groups ( Figure 2C ). Myelin-basic protein showed a nonsignificant increase with SVD ( Figure 2B ). The reduction in MAG and preservation of PLP in cases of increased SVD severity along with preservation of both myelin proteins in cases of lower SVD severity could also be seen, to some extent, on double immunofluorescent labeling of the paraffin sections ( Figure 3) .
These initial findings were confirmed in the OPTIMA cohort (Figure 4 ). When the 12-point global SVD severity scale was used, MAG and the ratio of MAG to PLP were again significantly negatively correlated with SVD score (r ¼ À 0.311, P ¼ 0.0066 and r ¼ À 0.349, P ¼ 0.0023, respectively). There was significant variation in MAG concentration between the different SVD groups (P ¼ 0.0194) with significant reduction in MAG in cases with SVD severity of 7 to 9 compared with those with SVD severity of 1 to 3 (Po0.05; Figure 4A ). The MAG/PLP ratio was also significantly altered across the different SVD severity groups (P ¼ 0.006) with reduced MAG/PLP in cases of SVD severity 7 to 9 and 10 to 12 compared with cases with SVD severity of 1 to 3 (Po0.05; Figure 4D ). Again, PLP correlated positively with SVD severity (r ¼ 0.352, P ¼ 0.0021). There was significant variation in PLP between the different SVD severity groups (P ¼ 0.014) and post-tests showed significantly higher PLP level in cases of SVD severity of 7 to 9 compared with those with SVD severity of 1 to 3 (Po0.05; Figure 4C ). Myelin-basic protein did not vary significantly across the SVD severity groups ( Figure 4B ). When SVD in the frontal white matter was assessed in the available sections (i.e., largely in the superficial rather than the deep white matter) by use of our own 4-point scale, MAG was again significantly negatively correlated with SVD (r ¼ À 0.283, P ¼ 0.0121), although differences in PLP, MBP, and the MAG/PLP ratio were not significant.
The Myelin Proteins in Vascular Dementia and Alzheimer's Disease
The level of MAG was significantly reduced in VaD compared with both controls and AD (Po0.0001) and reduced in AD compared with controls, but not significantly so ( Figure 5A ). The mean values for MAG concentration ± s.e.m. were: controls 35.51 ± 2.143 ng/mL, VaD 18.77 ± 1.658 ng/mL, and AD 29.81 ± 1.320 ng/mL. The MBP protein was significantly reduced in VaD compared with AD (Po0.01) but was not significantly changed in either VaD or AD compared with controls ( Figure 5B ). The mean values for MBP concentration ± s.e.m. were: controls 4.36 ± 0.486 mg/mL, VaD 2.819±0.814 mg/mL, and AD 6.61±0.84 mg/mL. The level of PLP was slightly reduced in VaD and slightly increased in AD compared with controls, but neither of these changes was significant ( Figure 5C , and the (D) MAG/PLP ratio to small vessel disease (SVD) in the frontal white matter in the OPTIMA cohort. As in the SWDBB cohort, MAG and the MAG/ PLP ratio declined significantly with increasing SVD score (r ¼ À 0.311, P ¼ 0.0066 and r ¼ À 0.349, P ¼ 0.0023, respectively) whereas PLP correlated positively with SVD severity (r ¼ 0.352, P ¼ 0.0021). Myelin-associated glycoprotein was significantly lower in cases with SVD severity of 7 to 9 than in those with severity of 1 to 3 (*Po0.05). The MAG/PLP ratio was significantly lower in cases with SVD severity of 7 to 9 and 10-12 than in those with severity of 1 to 3 (*Po0.05). Proteolipid protein was significantly higher in cases with SVD severity of 7 to 9 than those with severity of 1 to 3 (*Po0.05). Myelin-basic protein did not differ significantly between the SVD groups. The Myelin Proteins and Cerebral Amyloid Angiopathy, Ab Load, and APOE Genotype The protein concentrations of MAG, MBP, and PLP were not significantly associated with CAA severity (Figures 6A to 6C ).
Although the MAG/PLP ratio did not vary significantly between the CAA severity groups (Figure 6D ), there was a significant negative correlation between the MAG/PLP ratio and CAA severity (r ¼ À 0.187, P ¼ 0.045).
Myelin-associated glycoprotein concentration declined significantly with increasing gray matter Ab load (r ¼ À 0.318, P ¼ 0.0429; Figure 7A ), whereas MBP and PLP levels and the MAG/PLP ratio remained unchanged (Figures 7B to 7D) . The myelin protein levels and the MAG/PLP ratio showed no association with APOE genotype (Supplementary Figure 2) . Age and Gender Myelin-associated glycoprotein, MBP, and PLP showed no relationship to age and did not vary significantly with gender, either in the individual cohorts or when the cohorts were combined.
DISCUSSION
Ischemic white matter injury has previously been assessed in postmortem brain tissue using various scoring systems such as those of Kö vari et al 28 and Smallwood et al. 27 The assessment procedures and histologic variables vary between research groups and are subjective. A reliable quantitative biochemical measure of white matter ischemic change would make such assessment more reproducible and potentially more sensitive, and should facilitate the pooling or comparison of data between different centers and cohorts. This would, in turn, help in the investigation of the contribution and pathogenesis of white matter ischemia to different types of dementia, thereby furthering our understanding of the causes and options for treatment of these diseases.
Proteins expressed in the myelin sheath appear to be affected by ischemia to differing extents depending on where along the myelin sheath they are expressed. 20 We hypothesized that comparison of the level of a myelin protein that is particularly susceptible to ischemia with one relatively resistant to ischemia might be a good way to measure ischemic injury. We have shown a significant reduction in MAG level with increasing SVD severity, whereas PLP level was not reduced. In fact, PLP increased slightly with increasing SVD severity, perhaps reflecting axonal atrophy in ischemic white matter, with a relative increase in the concentration of PLP. The MAG/PLP ratio declined significantly with increasing SVD severity, confirming that the reduction in MAG was not simply a result of fiber degeneration and myelin loss.
To evaluate the general applicability of our methodological approach, we analyzed a separate cohort of white matter samples, from a different region (frontal rather than parietal) and in relation to SVD severity that had been determined independently by a different pathologist (MME rather than SL), using different criteria, as part of a previously published study. 27 These results confirmed our initial findings: MAG levels and the MAG/PLP ratio were significantly reduced with increasing SVD severity whereas PLP concentration was significantly positively correlated with SVD. We also assessed SVD in the frontal white matter in these cases using our own scoring system, and although paraffin sections from many of the cases included only superficial rather than deep white matter, there was nonetheless a significant negative correlation between MAG concentration and SVD severity. This is encouraging evidence that measurement of these myelin proteins is a robust way to assess white matter ischemic alterations in post-mortem brain tissue. In future, it may prove useful to compare the levels of these myelin proteins with other ischemia sensitive markers such as hypoxia-inducible factor-1a (HIF1a), vascular endothelial growth factor, and neuroglobin.
Our findings indicate the importance of assessing the postmortem stability of proteins for studies on autopsy tissue. We have found PLP to be a suitable myelin protein for comparison with MAG: relatively resistant to ischemia and (like MAG) well preserved post-mortem. In contrast, MBP shows poor post-mortem stability, making it unsuitable for use in studies on autopsy tissue with quite wide variation in post-mortem delay.
Although the MAG/PLP ratio declined significantly with increasing SVD severity, we did not find significant reduction in the MAG/PLP ratio in the VaD group compared with the controls, which might have been expected. Our results may reflect the extent of degeneration of nerve fibers rather than selective damage to myelin in severe end-stage VaD, resulting in a reduction of all myelin-expressed proteins. Indeed, PLP levels were slightly reduced in the VaD group compared with controls. These results may also reflect the relatively high prevalence of white matter SVD in the control cohort, reducing the overall differences between the dementia groups and the control group.
Many AD patients have evidence of cerebrovascular disease, although the extent of this varies considerably from case to case. 1 The relative contributions of ischemic gray and white matter injury to the development and progression of AD are still unclear. Understanding the extent to which vascular factors contribute to AD is important in our overall understanding of the pathogenesis of this disease, and has implications for therapy. We found a reduction in the MAG/PLP ratio in AD compared with controls; however, this was not significant. Our results suggest that white matter ischemic changes (at least those in the parietal region) may contribute less to this type of dementia than has been suggested.
Cerebral amyloid angiopathy is present to varying extent in most AD patients and in B30% of the normal elderly. 29 It causes thickening of the vessel wall, narrowing of the lumen, and reduced vessel elasticity. Cerebral amyloid angiopathy in the arterioles supplying the deep white matter is likely to cause a reduction in cerebral perfusion and may thereby contribute to ischemic injury. It can cause ischemic damage in the cerebral cortex, 14, 30 and CAA has also been implicated in the development of white matter lesions. 31, 32 A previous study of deep white matter lesions in the elderly revealed that CAA in the cortex was associated with increased expression of HIF1a, a marker of hypoxia, in the underlying white matter 33 and a separate study showed a significant association between the level of white matter damage and both the concentration of Ab 40 in the plasma and the extent of CAA. 34 The prevalence of CAA in our AD cohort was lower than might be expected because the cases of absent to mild CAA were matched with cases of moderate to severe CAA to allow comparison of the two groups. We found a reduction in the MAG/PLP ratio with increasing CAA severity, which is in keeping with other evidence that CAA may contribute to white matter ischemic injury in some patients with AD.
The Ab accumulation in the cerebral cortex may contribute to white matter injury in the underlying tissue. Our results showed a weak but significant negative correlation between MAG concentration and Ab load in the parietal cortex. This adds to our previous evidence that cortical Ab deposition may contribute to cerebral hypoperfusion in AD, through enhanced vasoconstriction and reduced blood flow: we previously showed that Ab 42 increases neuronal angiotensin-converting enzyme (ACE) activity 35 and that Ab 42 and Ab 40 increase neuronal and endothelial endothelin-1 (ET-1) production (via increased ECE-2 expression and ECE-1 activity) 12 in vitro. Much remains to be determined as to the mechanisms of white matter damage in aging and dementia. Disturbances of cerebral vasoregulation and angiogenesis may contribute, as may systemic factors such as atrial fibrillation, orthostatic hypotension, and diabetes. We suggest that the biochemical approaches that we have described may facilitate the study of these processes in autopsy human brain tissue.
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